The copper nanoparticles grafted on carbon microsphere is employed for an efficient one-pot three-component synthesis of spirooxoindole derivatives involving isatin, malononitrile and enolizable ketones such as 3-methyl-1-phenyl-2-pyrazolin-5-one, 3-methyl-1-(2-chlorophenyl)-2-pyrazoline 5-one, 4-hydroxy-6-methyl-2-pyrone and 1-methyl-4-hydroxyquinoline-2-one. The cheap starting material, easy separation, high catalytic efficiency and reusability of the catalyst for several times without loss of its efficiency, good yield of products, and simple workup are promising features of the reaction in 1:1 (v/v) aqueous-alcoholic medium.
Introduction
Multicomponent reactions (MCRs) involve an effective combination of three or sometimes more reactants simultaneously in a one-pot synthesis and do not require the separation of intermediates. MCR can be widely used for in the synthesis of most of the heterocyclic compounds to form new C-C bonds. These reactions are highly selective, energy efficient, environmental-friendly, involves simple purifycation techniques, and requires low cost with short reaction time. 1 Some examples which involve MCRs are the Biginelli, 2 Mannich, 3 and Robinson 4 reactions. Heterocycles containing the indole moiety exhibit antifungal and antibacterial activities, and pyrazole ring derivatives are useful in the development of insecticides, fungicides and herbicides. 5, 6 The spirooxoindole moiety is an essential unit of natural products and pharmaceuticals, 7 for example the cytostatic alkaloids Spirotryprostatins A and B. The structural characteristics of these compounds are the spiro ring fused at the C3 position of the oxoindole unit with various heterocyclic motifs. 8 A large number of bioactive natural products containing the indole moiety 9 exhibit antifungal and antibacterial activities. In the structure of spirooxoindoles, the indole 3-carbon is shared in the formation of spiroindolines and it is a carbonyl group at the C-2 position. Compounds containing spirooxoindole as the structural unit exhibit different biological activities like antimicrobial, antioxidant, antitubercular, anticancer, anti-HIV and anti-inflammatory activities.
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Some representative examples of spirooxoindoles are provided in Figure 1 . Synthesis of various spirooxoindole derivatives involves the one-pot condensation reaction of isatin, activated methylene and a 1,3-dicarbonyl compound. This reaction can be achieved using different catalysts and conditions such as SnCl4, 11 triethylamine, 12 basic alumina under microwave irradiation, 13 Heterogeneous catalysts are always superior to their homogeneous counterparts in many aspects such as operational simplicity, reusability, and high selectivity. The use of low cost and readily available heterogeneous catalyst plays a significant role in chemical processes. Recently, most of the attention is made towards the synthesis and application of metallic nanoparticles (NPs) due to their unique properties compared to bulk materials. 33 Nanoparticles have high specific surface areas, various shapes and sizes, and high reactivity. Handling of nanoparticles is not easy because they lead to selfaggregation and it is also difficult to separate them from the reaction medium. To overcome these limitations, nanoparticles are used by some supports. Such developed catalytic metallic nanoparticles that are inexpensive, non-or minimally poisonous, highly active, stable and easily separable from reaction mixture are highly useful. Copper nanoparticles are one of the alternatives to heavy metal nanoparticle catalysis. 34 Therefore. copper nanoparticles grafted on carbon microsphere find alternatives to these problems. 35, 36 In the present work, an effective, copper nanoparticle grafted on carbon microsphere catalysed method for the one-pot synthesis of spirooxoindole derivatives in aqueous ethanol is reported herein (Scheme 1).
Experimental
Chemicals were purchased from Sigma Aldrich, Alpha Caesar, TCS and Spectochem, and used as such without further purification. Products were characterized by 1 H and 13 C NMR and Mass spectra.
1 H and 13 C NMR spectra were recorded on a Bruker (400 MHz) spectrometer using DMSO-d6 as deuterated solvent and tetramethylsilane (TMS) as an internal standard. Reactions were monitored by TLC using TLC Silica gel 60 F254 aluminium sheet (Merck). The Cu-NP/C catalyst was prepared as described in our previous papers. 35, 37 General procedure for the synthesis of spirooxoindole derivatives:
A mixture of isatin (1 mmol), malononitrile (1 mmol) and enolisable ketone (1 mmol) were refluxed with stirring in the presence of Cu-NP/C (10 mg) in 1:1 aqueous ethanol (2 mL) in oil bath. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was filtered and the remaining was washed with warm ethanol to separate the Cu-NP/C catalyst. After cooling the filtrate, the precipitated solid was filtered off. The crude products were purified by recrystallization from 95 % ethanol. 5-methoxy-3'-methyl-1'-phenyl-2'-chloro-2-oxo-1'Hspiro[indoline-3,4'-pyrano[2,3-c 
6'-Amino-3'-methyl-1'-phenyl-2'-chloro-2-oxo-1'H-spiro[indoline-3,4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile (4p)
Mp. 250-252 °C , 28 Amino-5-chloro-6'-N-methyl-2,5'-dioxo-5',6'- -5-methyl 6'-N-methyl-2,5'-dioxo-5',6'-dihydrospiro[pyrano[2,3-c]quinoline-3',4-indoline]-3'-carbonitrile (4t 
2'-Amino

Results and discussion
A method for the synthesis of spirooxoindole derivatives in 1:1 aqueous ethanol by a one-pot three-component reaction of isatin, malononitrile and 3-methyl-1-phenyl-2-pyrazolin-5-one, 4-hydroxy-6-methyl-2-pyrone or 1-methyl-4-hydroxyquinoline-2-one catalysed by copper nanoparticles grafted on carbon microsphere is presented in the present article (see Scheme 1). To optimize the reaction conditions, the reaction between isatin (1 mmol), malononitrile (1 mmol) and 3-methyl-1-phenyl-2-pyrazoline-5-one (1 mmol) was chosen as a model reaction in 1:1 aqueous ethanol in order to optimize the reaction conditions. Starting materials of this model reaction were converted to 4a in high yield using 10 mg Cu-NP/C catalyst ( Table 1) . The set of reactions were examined in various solvents and different amounts of catalyst under reflux (Table 1) . Firstly, reactions were conducted in five different solvents (entries 1-5, Table 1 ). The best deal was obtained in EtOH:H2O (1:1) (entry 5, Table 1 ) using 5 mg of catalyst. The reactions using other solvents gave moderate to low yield of the product (entries 1-4, Table 1 ). Different catalytic conditions were also applied in EtOH:H2O (1:1), high yield was found when 10 mg of the catalyst wais used (entry 6, Table 1 ). The workup of reaction involves only filtration and washing with hot ethanol. The catalyst was separated from the product by filtering it with hot ethanol and reused by washing with ethanol and then with acetone.
The following series of compounds have been prepared: Table 2 ).
The reactions were conducted under reflux for 40-63 min in 1:1 aqueous ethanol in the presence of 10 mg of Cu-NP/C catalyst. The products were obtained in good yields. The molecular structures of the products were characterized by 1 H NMR, ESI-MS and 13 C NMR spectroscopic data.
Herein, an efficient and straightforward method for the synthesis of spiro [indoline3,4' pyrano[2,3-c] pyrazole] derivatives was developed via one-pot three-component reaction of isatins, malononitrile and enolizable 1,3-dicarbonyl compounds under reflux in 1:1 aqueous ethanol using Cu-NP/C as the heterogeneous catalyst. This procedure offers several advantages like high yields, fast reactions, and convenient and straightforward procedure. 
